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This invention relates to an improved process for cata 
lytic treatment of unsaturated compounds which readily 
thermally polymerize. 

Since the etlicient catalytic conversion of most hydro 
carbons by, for example, hydrogenation or cracking oc 
curs at temperatures exceeding 300° F., it is usually de 
sirable to preheat the charge stock to temperatures ex 
ceeding 300° F. This preheating normally occurs by 
indirect heating in conventional shell and tube heat ex 
changers or tubular furnaces. By indirect heating is 
meant the transferrence of heat from one iluid to another 
While a solid barrier is maintained between the lluids. It 
has been found, however, that there are certain unsat 
urated compounds, such as, for example, acetylenes and 
aliphatic and cyclic dioleñns and trioleñns which readily 
thermally polymerize even at temperatures as low as 
about 300° F. As a consequence of this, the preheating 
prior to catalytic conversion of charge stocks comprising 
as little as about 6 percent by Weight of these unsaturated 
compounds by indirect heating in conventional shell and 
tube heat exchangers or tubular furnaces to a temperature 
exceeding about 260° F. results in unwanted polymer for 
mation with a consequent fouling of the preheating 
equipment and/or transfer lines. This ditiiculty neces 
sitates the undesirably frequent cleaning of the heat trans 
fer equipment. 

It has now been found that this diñiculty can be over 
come by the simple expedient of preheating the charge 
stock comprising between about 6 and about 60 percent 
by Weight of unsaturated compounds which readily ther 
mally polymerize to a temperature less than about 260° 
F.; and admixing a preheated refractory material with the 
preheated charge stock to further increase the tempera 
ture of the charge stock by direct heat transfer just prior 
to contacting the preheated charge stock with a catalyst 
mass in a catalytic conversion zone so that both the pre 
heated charge stock and refractory material in admixture 
contact the catalyst mass in the catalytic conversion zone. 
The refractory material is preheated to a temperature 
higher than the temperature of the preheated charge 
stock, the amount and temperature of the refractory Ina 
terial being sufficient to increase the temperature of the 
admixture to between 300° F. and 500° F. 
The charge stock for the process of this invention com 

prises any mixture of compounds comprising between 
about 6 and about 60 percent by weight of unsaturated 
compounds which readily thermally polymerize and about 
40 to about 94 weight percent or" diluent compounds which 
do not readily thermally polymerize. By an unsaturated 
compound which readily thermally polymerizes is meant 
any compound which has a potential gum value of over 
500 milligrams per 100 milliliters of compound after 5 
hours by ASTM test D-873. Examples of unsaturated 
compounds which readily thermally polymerize include 
poly unsaturated organic acids, thio-acetylenes, dioleñnic 
amines and unsaturated hydrocarbons, such as acetylenes, 
vinyl substituted aromatics and aliphatic and cyclic di 
and triole?ins. The readily thermally polymerizable un 
saturated hydrocarbons which comprise the charge stock 
for the process of this invention preferably have between 
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2 and 20 carbon atoms per molecule with the more pre 
ferred charge stocks comprising readily thermally polym 
erizable unsaturated hydrocarbons having between 2 and 
12, and more preferably between 5 and l0 carbon atoms 
per molecule. Suitable speciñc examples of readily ther 
mally polymerizable unsaturated hydrocarbons which may 
be advantageously treated by the process of this invention 
include methylacetylene; Z-pentyne; l-octyne; 3-methyl 
3-ethyl-1-pentyne; 5-methyl-5-ethyl-3-heptyneg 9-octade 
cyne; 1,3-hexadiyne; 2,6-octadiyne; phenyl-acetylene; l 
phenyl-l-propyne; l-methyl-Z-vinylbenzene; l-phenyl-l,3 
butadiene; 1,2-divinylbenzene; lphenyl-l,3hexadiene; 1 
phenyl-2,3~dimethyl-l,3butadiene; propadiene; 1,3-buta 
diene; 3-methyll,3pentadiene; 2,5dimethyll,3hexadi 
ene; S-ethyl- 1,3-heptadiene; 1,4-decadiene; 2,6-dimethyl 
2,6-nonadiene; 2,3-di-t-butyl-lß-butadieneg 3,8-diethyl 
3,7-decadiene; 4,5-dibutyl2,6octadiene; 1,3-cyclopenta 
diene; Z-methyl-1,3-cyclohexadiene; 1,3-cyclooctadiene; 3 
methy1-3propyl1,4-cyc1opentadiene; l-methyl-4-propyl 
1,3-cyclohexadiene; 1-methyl-4-isopropyl-1,3-cyclohexadi 
ene; 1,3,5-cycloheptatriene; 1,3,5-cyclooctatriene; 1,3,5 
heptatriene; 7 - methyl-1,3,7  nonatriene; 4,7  dimethyl 
3,5,7-decatriene. 
The particularly preferred charge stocks of this inven 

tion comprise the thermally or catalytically cracked 
petroleum fractions boiling between 100° F. and 700° F. 
at atmospheric pressure. For example, it has been found 
that an excellent charge stock for the process of this in 
vention is the debutanized to 250° F. and the debutanized 
to 400° F. aromatic distillate cuts of the products from 
the thermal cracking of at least one low boiling hydro 
carbon having between 2 and 4 carbon atoms per mole 
cule, such as a mixture of ethane and propane, to pro 
duce ethylene. These charge stocks normally comprise 
between 15 and 40 weight percent unsaturated compounds 
which readily thermally polymerize and 60 to 85 weight 
percent of diluent compounds. 
As indicated above, the charge stock can also comprise 

between about 40 percent and about 94 percent by Weight 
of diluent compounds which do not readily thermally 
polymerize. These diluent compounds include saturated 
hydrocarbons, such as paraii’ins and naphthenes and unsat 
urated hydrocarbons, such as aliphatic and cyclic mono 
oleñns and aromatics Without vinyl substituents. Diluent 
compounds may also include small amounts of sulfur, ni 
trogen and oxygen containing hydrocarbons, such as for 
example mercaptans, disultides, thiophenes, cyclic thio 
ethers, pyrroles, pyridines, phenols and peroxides. Nor 
mally, the amounts of these sulfur, nitrogen and oxygen 
containing compounds are less than 1 percent and usually 
between 0.05 and 0.1 Weight percent of the charge stock. 
It is one of the advantages of the process of this invention 
that the presence of these compounds in the charge stock 
does not poison the hydrogenation catalyst employed and, 
in fact, the sulfur, nitrogen and oxygen contents of the 
charge stock are substantially reduced by treatment in 
accordance with the teachings of the invention. The 
diluent compounds normally boil within the same range 
as the readily thermally polymerizable unsaturated com 
pounds. The diluent hydrocarbons, therefore, normally 
have between 2 and 20 carbon atoms per molecule. 
Examples of diluent compounds include butane; hep 

tane; octane; 4ethylheptane; 2,6-dimethyldecane; hep 
tadecane; 3-ethyloctadecane; l-hexene; 3,5-dimethy1-2 
hexene; 2,6-dimethyl-1-octene; triisobutylene; 4,5-dipropyl 
4-octene; S-heptadecene; benzene; xylene; butylbenzene; 
l  methyl- 4-isobutylbenzene; 1-phenyl-ô-methylheptane; 
1,4 - di - isoamylbenzene; l-phenyltridecane; l-phenyl-l 
butene; 2-phenyl-4-methyl-2-hexene; butylcyclopentane; 
cyclohexane; octylcyclohexane; dodecylcyclohexane; bi 
cyclohexane; naphthalene; tetralin; thiophene; isobutyl 
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mercaptan; pentamethylene sulfide; 2,3,8-trimethylquino 
line; pyridine; phenol; betanaphthol; cyclopentene; 1 
propyl - l - cyclopentene; 1,2,3-triethyl-l-cyclopentene; 4 
methyl- 1 - cyclohexene; l-methyl-3-isopropyl-l-cyclohex 
ene; 1,3,3,5,5-pentamethyl-¿l-isopropyl-l-cyclohexene; and 
1methylcyclooctene. 

It has been found that the readily thermally polymeriza 
able unsaturated compounds are more susceptible to 
hydrogenation than the aliphatic and cyclic monoolefins 
or aromatics. Consequently, selective hydrogenation of 
these readily thermally polymerizable unsaturated com 
pounds can occur, if desired. 

In addition to the preheater fouling problems caused 
by preheating a charge stock comprising between about 
6 and about 60 percent by weight of unsaturated corn 
pounds which readily thermally polymerize to tempera 
tures greater than about 260°» F., these same readily 
thermally polymerizable compounds can cause fouling 
problems in the catalytic conversion zone resulting in 
decreased catalyst life. This additional fouling problem 
has also now been overcome. It has been found that in 
a process for the catalytic hydrogenation of a charge 
stock comprising between about 6 and about 60 Weight 
percent of these unsaturated compounds which readily 
thermally polymerize, the useful life of a hydrogenation 
catalyst is extended by maintaining a continuously moving 
film of liquid over the catalyst. Although it is not cer 
tain, it is believed the continuously moving liquid film 
serves as a Wash liquid to Wash the catalyst free of 
polymers as they are formed and also in some degree to 
promote the saturative hydrogenation rather than the 
polymerization of these readily thermally polymerizable 
compounds. This continuously moving liquid film can 
comprise those diluent compounds in the charge stock 
which are liquid under reactor conditions and, in addition, 
any refractory material which is liquid under reaction 
conditions. It has been found that a continuously moving 
liquid film is maintained on the catalyst if at least 5 
percent by Weight of the diluent compounds and refrac 
tory material (based on the total Weight of the reaction 
mixture) is in the liquid phase. That is, at least an 
amount of diluent compounds and refractory material 
equivalent to 5 percent by weight of the total reaction 
mixture must be in the liquid phase. By a total reaction 
mixture is meant the charge stock comprising the readily 
thermally polymerizable compounds and the diluent com 
pounds and the refractory material. The minimum 
amount of diluent compounds plus refractory material to 
be maintained in the liquid phase can easily be calculated 
by dividing 500 by the summation of the Weight percent 
diluent compounds and refractory material in the total 
reaction mixture. For example, if the total reaction 
mixture comprises 25 weight percent readily thermally 
polymerizable compounds, 25 Weight percent diluent 
compounds and 50 percent refractory material, at least 
500 divided by 75 weight percent or 6% weight percent 
of the diluent compounds and refractory material must 
be in the liquid phase. It is preferred that between 10 
and 80, and more preferably 10 and 100 percent, of the 
diluent compounds and refractory material be in the 
liquid phase in the reactor to enhance the Washing action. 
This Washing action becomes even more important as the 
percentage of readily thermally polymerizable compounds 
in the charge stock increases. Thus, as a general rule, 
as the percentage of readily thermally polymerizable 
compounds in the charge stock increases, the percentage 
of diluent compounds and refractory material maintained 
in the liquid phase should also increase. It is to be 
understood that the continuously moving liquid film can 
be composed entirely of the diluent compounds in the 
charge stock or the refractory material, if desired. In 
certain instances the diluent compounds in the charge 
stock are not suiiiciently high boiling to be maintained 
in the liquid phase under reactor conditions. In one 
preferred embodiment of this invention the amount and 
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4 
temperature of the refractory material is not only sutîi 
cient to supply the direct heat needed to raise the inlet 
temperature of the charge stock, but is also sufficient to 
maintain a continuously moving liquid film on the surface 
of the hydrogenation catalyst to reduce polymer deposits 
in the hydrogenation Zone. 

In addition, the temperature through the hydrogenation 
zone increases due to the exothermic heat of reaction in 
hydrogenating the readily thermally polymerizable com 
pounds and any aliphatic or cyclic monoolefins in the 
charge stock. As a result, there is a tendency for addi 
tional amounts of the diluent compounds and the refrac 
tory material to vaporize as the reaction proceeds. Some 
vaporization is helpful as a control for reaction tempera 
ture but excessive vaporization would impair the main 
tenance of the continuously moving liquid film. It is 
therefore a feature of this invention that at least 5 percent 
by weight, or preferably 10 to 80 percent by weight of 
the diluent hydrocarbons and refractory material be main 
tained in the liquid phase at the outlet conditions of the 
catalytic conversion zone. 
The refractory material which can be utilized in the 

process of this invention comprises any liquid or gaseous 
material which will not adversely react with the com 
ponents of the charge stock and which will remain sub 
stantially undecomposed under the thermal conditions of 
the process. Suitable examples of refractory materials 
which. may be employed including saturated hydrocarbons 
having between 2 and 30 carbon atoms per molecule, such 
as paraflins and naphthenes; aromatic hydrocarbons hav 
ing from 1 to 3 rings and between 6 and 30 carbon atoms 
per molecule and which do not contain vinyl substituents 
and mixtures of these. Specific examples which are not 
meant to be limiting of suitable refractory materials in 
clude propane; hexane; 2,4-dimethylpentane; nonane; 3 
methyl-4-ethylhexane; dodecane; hexadecane; Z-methyl 
heptadecane; eicosane; heptacosane; triacontane; cyclobu 
tane; methylcyclopentane; butylcyclopentane; tetradecyl 
cyclopentane; octylcyclohexane; cyclooctane; cyclodode 
cane; cyclotriacontane; benzene; 1-methyl-2-propylber1 
zene; l-phenylhexane; octylbenzene; naphthalene; tetralin; 
and l-propyl-naphthalene. It is preferred to employ 
mixtures of hydrocarbons, such as straight run petroleum 
fractions or hydrogenated petroleum fractions. It is also 
preferred that the straight run or hydrogenated petroleum 
fraction be sufficiently high boiling that it is at least 
partially in the liquid phase under the conditions exist 
ing in the catalytic conversion zone. In general, the 
refractory material has a boiling range between about 
250° F. and 850° F. at atmospheric pressure. l The most 
preferred refractory material will, of course, depend pri 
marily on the type of charge stock which is being treated. 
For example, in the hydrogenation of a charge stock 
comprising a mixture of unsaturated hydrocarbons boiling 
in the gasoline range a suitable refractory material is a 
straight run or hydrogenated furnace oil boiling between 
400° F. and 850° F. at atmospheric pressure. A mixture 
of hydrocarbons is preferred because a portion of the 
mixture can be in the vapor phase on admixing with 
the charge stock and release its heat of condensation in 
preheating the charge stock by direct heat and, addi 
tionally, a portion can vaporize during the reaction to 
control reaction temperatures. 
The amount of refractory material must be at least suf 

ñcient to supply the direct heat transfer requirements of 
the charge stock. This amount will depend on the amount 
of charge stock to be heated, the temperature rise re 
quired, and the temperature of the refractory material. 
The temperature rise required is the difference between 
the temperature of the preheated charge stock and the 
desired inlet temperature to the catalytic conversion zone. 
The temperature of the preheated charge stock will bev 
260° F. or less. Preferably, the charge stock is preheated 
to a temperature between 100° F. and 250° F. and still 
more preferably to a temperature between 200° F. and. 
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250° F. so as to minimize the temperature rise required. 
In the instance where hydrogenation «of the readily ther 
mally polymerizable unsaturated compounds is the de 
sired reaction, the inlet temperature to the hydrogenation 
reactor can be between 300° F. and 500° F. with the 
higher temperatures being employed as the activity of the 
catalyst decreases. The upper temperature limit for pre 
heating the refractory material is determined ‘by the 
thermal cracking temperature of this material. The re 
fractory material is preferably heated to a temperature 
between about 500° F. and 780° F. and still more pref 
erably to a temperature between 550° F and 650° F. to 
avoid localized over-heating upon admixing of the re 
fractory material with the preheated charge stock. It has 
been found that a volume ratio of refractory material 

. to the charge stock of about 0.5 :l gives satisfactory results 
for the hydrogenation of gasoline boiling range charge 
stocks lpreheated to 250° F. using a straight run furnace 
oil preheated to 550° F. a-s the refractory material. In 
general, the amount of refractory material can vary from 
a volume ratio of refractory material to charge stock 
of about 0.2:1 to 40:1, or higher, with preferred ratios 
between 0.2511 and 10:1. 
The refractory material is preferably admixed with the 

partially preheated charge stock just prior to contacting 
the partially preheated charge with a catalyst mass in a 
catalytic conversion zone so that both the preheated 
charge stock and refractory material in admixture contact 
the catalyst mass in the catalytic conversion zone. The 
admixing of the refractory material and charge stock 
should take place as close to the point of cont-act between 
the admixture and the catalyst mass as feasible to obtain 
proper mixing while providing as little time as possible 
for promoting thermal polymerization. It has been found 
that the time between admixing of the preheated re 
fractory material and contact of the admixture with the 
catalyst mass in the catalytic conversion zone should be 
less than 2 minutes, preferably between 10 and 60 seconds, 
and more preferably between 10 yand 30 seconds. The 
-admixing can occur by any suitable means, such as for 
example, simple admixture in the common transfer line, 
by use of a mixing nozzle or other suitable device in the 
transfer line, or by injecting or spraying of the charge 
stock into a stream of hot liquid refractory material. This 
latter method could be employed after the refractory ma 
terial has entered the reactor, but before it has contacted 
a catalyst mass or, if there are a number of catalyst 
masses arranged in beds in the reactor, then the charge 
stock could be injected or sprayed into the stream of re 
fractory material between the catalyst beds. The im 
portant criteria are using the refractory material to pre 
heat the charge stock, and having a sui‘licient amount of 
the refractory material in the liquid phase to reduce the 
polymer deposit on the catalyst. 

In one preferred embodiment of this invention, the pre 
heated admixture is contacted with a hydrogenation 
catalyst in a hydrogenation zone in the presence of hy 
drogen under 4mild conditions such that the unsaturated 
compounds which readily thermally polymerize are 
selectively saturated. Any suitable hydrogenation catalyst 
known in the art can be employed, such as at least one of 
the metals from Groups VI and the Iron Group metals 
from Group VIII of the Periodic Table, their oxides or 
sulfides. These metals include Cr, Mo, W, Fe, Co and Ni, 
their oxides or sulñdes. The preferred catalyst comprises 
Mo in combination with Co and Ni. It is preferred that 
the metals be supported and still further preferred that 
the support be a non-cracking type support such Ias 
alumina, silica, steam kdeactivated silica-alumina, magnesia 
and others. These catalysts are very stable and have the 
additional advantage of being resistant to poisoning by 
sulfur and nitrogen in the charge stock or refractory ma 
terial. The total amount of metal desposited on the sup 
port is usually from 5 to 30 weight percent calculated as 
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6 
the metal with preferred amounts between 9 and 15 weight 
percent. 
The hydrogenation conditions are mild. Reaction tem 

peratures can be between 300° F. and 650° F. with pre 
ferred temperatures between 350° F. and 600° F. The 
partial pressure of hydrogen can be between 200 and 1200 
p.s.i.g. and preferably between 330 and 800 p.s.i.g. Total 
reaction pressures greater than about 1200 p.s.i.g. are not 
desirable since polymerization is promoted at the higher 
pressures as is saturation of aromatic type hydrocarbons 
which may be in the charge stock. It is one of the fea 
tures of this invention that essentially no saturation of 
aromatic compounds in the charge stock or refractory 
material occurs, that is, the reaction conditions and 
catalyst are such that less than 2 percent «of any aromatics 
in the charge stock or refractory material are saturated. 

Reaction space velocity in volu-mes of charge per 
volume of catalyst per hour can ‘be between about 0.5 and 
l0 or more with preferred space velocities between 1 and 
4. Space velocity is correlated with reaction temperature 
and pres-sure to obtain the desired degree of saturation. 
In general, as the reaction temperature increases, the 
space velocity also increases. 
The hydrogen recycle rate can .be between 1500 and 

10,000 s.c.f./ bbl. or more with preferred amounts between 
3000 and 7000 s.c.f./ bbl. Hydrogen purity is not critical 
and can be between 30 and 100 percent but it is preferred 
that the hydrogen stream be between 50 and 100 percent 
hydrogen. 
The invention will now be described with reference to 

the attached drawing which discloses one preferred em 
bodiment of this invention. Referring now to the draw 
ing, a light hydrocarbon gas such as ethane or propane 
is passed through line 10 to thermal cracker 12 which 
is ‘operated at a temperature of about 1450° F. to 1550° 
F. The products from the cracker pass through line 13 
where they are quenched with water from line 14 to a 
temperature of about 550° F. The products pass into 
a quench tower 15 where additional water is added 
through line 16. Gaseous products pass overhead from 
quench »tower 15 at a temperature, for example, of about 
110° F. through line 17 to compressors 18 and thence 
via line 19 at a temperature of about *240° F., to the cau-s 
tic washtower 24 which removes carbon dioxide with the 
caustic wash out the bottom of the tower 24 via line 26. 
Liquid from ftower 15 is passed by line 20 to quench 
drum 21 wherein an aromatic distillate boiling at about 
130° F. to 700° F. is removed via line 22. The quench 
drum 21 is vented via line 23 into line 17. The washed 
gases pass through line 28 to a preheater 30 where they 
are preheated to a temperature which is normally between 
270° F. and 325° F. and thence through line 32 into the 
hydrogenation unit 34 which is operated at a temperature 
between 320° F. and 375° F. and a flow rate between 
1000 and '2500 ft.3/hr./ft.3 of catalyst bed for the selec 
tive hydrogenation of acetylene. These washed gases 
comprise 15 to 18 percent hydrogen; 22 to .'28 percent 
methane; 36.0 to 45.0 percent ethylene-ethane; 12.0 to 
17.0 percent propylene-propane; 1 to I2 percent butylene 
lbutane; 0 to 2 percent CO; 0 to 2.0 percent N2; 0.2 to 1 
percent C5 ̀ and C6; and 0.2 to about 5 percent acetylene, 
higher boiling acetylenes; dioleñns and other readily 
thermally polymerizable compounds. No preheater foul 
ing problems for preheater 30 have been observed. The 
products from the hydrogenation unit 34 are passed via 
line 36 to a separation complex such as a distillation 
column 38 where various hydrocarbon number fractions, 
such as an ethane-ethylene fraction, can be removed 
and `separately treated for further purification. The 
debutanized residue removed through line 40 is an aro 
matic distillate boiling between about 100° F. and 400° 
F. and comprises between about 5 and 60 weight percent 
aromatics; ybetween about 10 and 20 percent monooleñns; 
between 15 and 30 percent diolefins, triolefìns or ace 
Itylenes, and 5-15 percent parañìns and naphthenes. 
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This aromatic distillate because of the high concentra 
tion of materials which readily :thermally polymerize is 
unsuitable for blending as a motor fuel or the recovery of 
aromatics. The aromatic distillate can, however, be suc 
cessfully treated by the method of this invention. 
The aromatic distillate is passed by line 40 through the 

steam preheater 42 where it is prheated to a maximum 
temperature of about 260° F. A heavy straight run dis 
tillate fuel oil boiling between 550° F. and 680° F. and 
substantially free of oletinic hydrocarbons is passed 
'through line 44, admixed with hydrogen 4recycle gas from 
line 46 and the mixture is preheated separately in pre 
heater 43 to a temperature in excess of 300° F. The 
heavy distillate fuel oil is then passed from heater 48 
through line 50 where it is admixed with the preheated 
aromatic distillate entering through line 52 and the mix 
ture enters the top of the hydrogenation reactor 54. The 
hydrogenation reactor 54 is maintained at a total pres 
`sure such that the hydrogen partial pressure is between 
300 and S00 p.s.i.g. The reaction temperature is main~ 
tained generally between 350° F. and 750° F. The 
products leave the hydrogenation reactor 54 by line 56 
and are cooled in 58 bfeore passing via line 60 to the 
high pressure separator 62. Recycle gas passes from 62 
via line 46 to join the heavy distillate fuel oil before 
the «preheater 48. Make-up gas enters through line 64. 
Liquid products from the hydrogenation reactor 54 are 
removed from 62 through line 66 and sent for fractiona 
tion. 
The invention will be further described with reference 

to the following specific examples. 

EXAMPLE l 

An aromatic distillate obtained as a product from the 
thermal cracking of a mixture of ethane and propane and 
having the characteristics as shown in Table I below was 
preheated by indirect heat exchange to a temperature of 
about 250° F. A mixture of recycle gas (78.9 percent 
hydrogen) and hydrogenated products (refractory ma 
terial) was preheated to 580° F. and admixed with the 
aromatic distillate charge stock to give a resulting mixture 
having a temperature of about 410° F. The ratio of the 
hydrogenated products to the preheated aromatic dis 
tillate charge was 137:1. The resulting mixture after 
flash separation of minor amounts of liquid components 
was charged downflow at a reactor temperature of 612° 
F. entirely in the vapor phase through a bed of a pre 
sulñded catalyst comprising 0.2 percent nickel, 1.7 per 
cent cobalt and 9.5 percent molybdenum on an alumina 
support. The run conditions and product inspections are 
also given in Table I below. 

After 14.5 days of operation the cayalyst began to de 
activate rapidly until at an age of 16.1 days the bromine 
number on products was 59.3. This increase in bromine 
number indicated the olefins were not being converted 
to parañ‘ins. Examination of the catalyst showed the 
presence of a heavy polymer. No preheater fouling prob 
lems were noted after 16.1 days of operation. 

EXAMPLE 2 

Example 1 was repeated with a presulñded catalyst 
comprising 2.3 percent nickel, 1.2 percent cobalt and 
10.8 percent molybdenum on alumina except the reactor 
temperature was lowered to 570° F., the recycle hydro 
genate (refractory material) was reduced to a liquid 
hourly space velocity of 0.91, and a hydrogenated FCC 
furnace oil, additional refractory material (whose inspec 
tions are given in Table I), was injected onto the top of 
the catalyst bed at a temperature of 430° F. and at the 
rate of 0.5 volume of furnace oil per volume of catalyst 
per hour. The run conditions and inspections of the 
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8 
hydrogenated aromatic distillate after 471 hours of opera 
tion are given in Table I below. Under the conditions 
in the reactor the furnace oil was substantially entirely 
in the liquid phase. This run was continued for a total 
reaction time of 43 days at which time the bromine num 
ber of product had only increased to 1.5 indicating the 
catalyst was still active. 
A comparison of Example 2 with Example 1 shows 

that an extended catalyst life can be achieved by main 
taining the desired continuously moving liquid lilm over 
the surface of the catalyst. The data in Table I also 
show that sulfur in the charge stool: is essentially com 
pletely removed. 

T able l.-Hyd1'0ge11ati0u of aromatic distillate 

Example N o _________________ _ _ 1 2 

Catalyst age: Hours of opera 
tion at end of period _______ __ 

Operating conditions: 
Reactor temperature ° F., 

(average) _________________ _. 

Reactor pressure, p.s.i.g _ _ _ __ 

Space velocity, vol./hr./vol.: 
Fresh leed 
Recycle hydrogenate. _ ____ 

Hydrogenated FCO 
furnace oil_ 

Gas circulation: Set 
total feed _ _ __ 

Percent H2- _ __ 

109 

G12 
600 

0. 86 
I. 18 

3, 920 
78. 9 

Hydro 
genated 
FCC furn 

ace oil 
Charge Product 

Inspections 
Hydregenated charge: 

Gravity, ° API 
Bromìne No.y ASTM 
131159 __________________ __ 

Hydrocarbon type analysis, 
percent by Vol.: 

Parattìns _______________ __ 

Cyeloparallìns/monoele 
fms __________________ __ 

Cyelo-oletlns, dioletlns, 
acetylenes.. ___ 

Cyelo-dioleûns, ole ms 

C10 _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ -_ 

Indanes/styrenes__ ___ 

Sulfur, p.p.m ____________ __ 

Distillation, gasoline ASTM 
DSS, ° F.: 

Over point _________________ __ 

End point _ 
10% at _____ __ 

EXAMPLE 3 

An aromatic distillate obtained as a product from the 
thermal cracking of a mixture of ethane and propane 
and having the characteristics shown in Table II below 
was preheated by indirect heat to a temperature of 250‘7 F. 
A mixture of reactor charge gas (73.8 percent hydrogen) 
and a heavy straight run distillate furnace oil were pre 
heated to 555 ° F. and admixed at the rate of 0.5 volume 
of furnace oil per volume of catalyst per hour with the 
preheated aromatic distillate in the inlet pipeline just 
prior to the hydrogenation reactor. The resulting mix 
ture at a temperature of about 470° F. was charged down 
flow through a bed of a presulñded catalyst comprising 
2.3 percent nickel, 1.2 percent cobalt and 11.0 percent 
molybdenum on an alimunia support. The run con 
ditions and inspections for the heavy straight run furnace 
oil and hydrogenated aromatic distillate are also given 
in Table II below. Inspections of the furnace oil show 
that over 95 percent of the sulfur was removed. Thus 
a straight run furnace oil can be successfully desulfurized 
While serving as a refractory material. 
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Table Il__HydrOgenatíon of an aromatic distillate 

Example No__________ 3 4 

Catalyst age: Days____ 
Operating conditions: 
Reactor inlet, ° F-. 
Reactor average 
temperature, ° F-. 

Space velocity, vol./ 
hr./vol. total ___ 

Aromatic Distil 
late ___________ __ 

Heavy distillate 
furnace oil: 

39 

469 

581 

1. 97 

0. 99 

23 

422 

590 

2. 07 

l. 05 

0. 98 0. 51 
0. 51 

600 

Injection_ 
Reactor pressure, 

p.s.i.g ___________ __ 

Reactor gas charge 
rate, set/bbl. of 
total liquid feedv __ 

600 

Heavy distillate 
Aromatic 
distillate 

Charge Product 

Inspection Data: 
Gravity, ° API ____ __ 

Bromine number._- 
Sulfur, p.p.m ______ __ 

Hydrocarbon type 
analysis, vol. 
percent: 

Parati‘ins ________ __ 

Cyclo-paral'îms/ 
Monooletins- _ _ __ 

Cyelo-dioleiius/ 
diolefins/ 
acetylenes _____ __ 

Cyclo-dioletlns/ 
Triole?ns ..... __ 

lndaneslstyrenes. _ 
Benzene _________ __ 

Toluene _________ -_ 

Cs alkylbenzenes“ 
C9 alkylbenzenes. 

Distillation, ° F.: 
IBP _______________ __ 

50% at ____________ __ 

The eíiicient hydrogenation of the readily thermally 
polymerizable unsaturated compounds occurs generally at 
lower reaction temperatures than the hydrogenation of 
monoolefins. By the term monooleñns is meant any ali 
phatic or cyclic monoolefiin. For example, the efficient 
hydrogenation of readily thermally polymerizable unsatu 
rated compounds occurs at temperatures between about 
350° F. and 500° F. de-pending on the activity of the 
catalyst while the temperature required for the eiiicient hy 
drogenation of monoolefins is above about 500° F. and 
usually between 525° F. and 650° F. For charge stocks 
which comprise both monooleñns and readily thermally 
polymerizable unsaturated compounds, the readily ther 
mally polymerizable unsaturated compounds hydrogenate 
initially which tends to increase the reaction temperature 
due to the exothermic heat of reaction and promote the 
hydrogenation of the monooleñns. In certain instances, 
such as the preparation of charge stocks for a reforming 
reaction or the recovery of aromatics from olefin-aromatic 
streams by extraction with a solvent s-uch as ethylene 
glycol, it is desirable to substantially completely hydro 
genate both the readily thermally polymerizable un 
saturated compounds and the monooleñns. By substan 
tially completely hydrogenate is meant to hydrogenate 
so that the product has a bromine number by ASTM test 
Dll59 of less than one, and preferably between 0.1 and 
0.5. It is preferred to achieve this saturation of both 
the readily thermally polymerizable unsaturated corn 
pounds and the monoolefins in one reactor. It has been 
found, however, that where the higher ratios of refrac 
tory material to charge stock are employed, or where the 
weight percent of readily thermally polymerizable un 
saturated compounds is too low, the temperature rise of 
the reaction mixture clue to the hydrogenation of the 
readily thermally polymerizable unsat-urated compounds 
is insuñìcient to efficiently hydrogenate the monoolefins 
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in the remaining portion ̀ of the reactor. This then nece's 
sitates the use of a two reactor system 4to substantially 
completely saturate the monooleñns. Increasing the re 
actor inlet temperature of the first reactor has been found 
to be undesirable as the catalyst in the initial portion 
of the ibed tends to age much more rapidly atincreased 
inlet temperatures. 

In accordance with the invention, the efliicient hydro 
genation of a charge stock comprising a monooleñn 
and at least six weight percent of readily thermally 
polymerizable compounds, but less than that amount of 
readily thermally polymerizable unsaturated compounds 
necessary to increase the temperature of the charge stock 
due to the hydrogenation of the readily thermally 
polymerizable unsaturated compounds to efliciently hy 
drogenate the monooleñns, is achieved in one reactor 
by a process which comprises preheating the charge stock 
to a temperature less than about 260° F., admixing a first 
preheated refractory material with said charge stock, 
contacting said admixture with a hydrogenation catalyst 
.in a hydrogenation zone under hydrogenation conditions 
including temperatures between 350° F. and 750° F., 
said first refractory material being admixed with the 
charge stock just prior to contacting said admixture with 
the hyd-rogenation catalyst in said hydrogenation zone, 
and injecting a second preheated refractory material into 
the hydrogenation zone at a point wherein the hydrogena 
tion of the readily thermally polymerizable unsaturated 
compounds is substantially complete to form a total re 
action mixture. The amount and temperature of the ñrst 
refractory' material is sufficient to increase the temperature 
of the admixture to between 300° F. and 480° F. before 
entry into lthe reactor and to maintain a continuously 
moving liquid ñlm on the hydrogenation catalyst to re 
duce polymer formation in said hydrogenation zone. 
The amount and temperature of the second refractory 
material is suflicient to increase the temperature of the 
total reaction mixture to between 510° F. and 600° F. 
Whether a second preheated refractory material is 

required to be injected into the reactor at a point down 
stream of the inlet to the hydrogenation Zone will depend, 
as noted above, on whether the required temperature rise 
is achieved from the -exothermic heat obtained by hydro 
genation of the readily thermally polymerizable unsatu 
rated compounds in the charge stock. The amount of 
heat evolved for the hydrogenation of the readily ther 
mally polymerizable unsaturated compounds depends 
upon the type of readily thermally polymerizable unsat-u 
rated compounds and, of course, the amount in the charge 
stock. It is a simple matter of experimentation for 
any particular charge stock using a desired type and 
amount of refractory material to determine whether in 
jection of a second preheated refractory material is re 
quired to increase the temperature of the reaction mix 
ture to eñiciently hyd-rogenate the monooleñns in the 
charge stock. For example, it has been found that for 
the substantially complete satnrative hydrogenation of 
the readily thermally polymerizable unsaturated com 
pounds and monoolefins in a debutantized to 400° F. 
aromatic distillate from the thermal cracking of a mix 
ture of ethane and propane and using a 1:1 molar ratio 
of a straight run furnace oil as the refractory material, a 
second stream of refractory material is required when the 
percentage of readily thermally polymerizable unsaturated 
compounds in the charge stock is between about 6 and 
about 25 weight percent. 

In general, it is preferred to employ a preheated sec 
ond refractory material for the hydrogenation of a charge 
stock comprising between about 6 and about 30 weight 
percent of readily thermally polymerizable unsaturated 
compounds and between about 70 and about 94 weight 
percent of diluent compounds wherein between about 
5 and 100 weight percent of said diluent compounds are 
monooleiins. The diluent compounds are as defined 
above. The readily thermally polymerizable unsatu 
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rated compounds are also as defined above. The pre 
ferred charge stock comprises between about 10 and about 
25 weight percent readily thermally polymerizable unsatu 
rated compounds and between about 75 and 90 weight 
percent diluent compounds, wherein between -about 5 and 
50 weight percent of said diluent compounds are mono 
olefms; between 5 and 90 weight percent of said diluent 
compounds are a-romatics; and between 5 and 90 weight 
percent of said diluent compounds are other diluent com 
pounds as defined above, such as parafñns and naphthenes. 
The composition of the second refractory material can 

be the same as the refractorymaterial defined above. The 
amount of the refractory material which is to be injected 
at a point downstream of the inlet to the hydrogenation 
zone should be sufficient to increase the temperature of the 
total reaction mixture to a temperature at which the eñi 
cient hydrogenation of the monooleñns will occur. In 
general, this temperature is between 510° F. and 600° F. 
with preferred temperatures between 525° F. and 580° F. 
The exact amount of the second refractory material to 
employ will depend upon the amount of material to be 
heated, the temperature rise required and the temperature 
of the second refractory material. 
The temperature of preheating the second refractory 

material can be between 550° F. and 780° F. The upper 
limit is determined so as to avoid thermal cracking of the 
material. It is preferred that the refractory material be 
heated to temperatures between 650° F. and 725° F. 
Usually the amount of refractory material is such that the 
weight percentage of the second refractory material in the 
total reaction mixture is between about 5 and 40. 
The second refractory material is injected into the hy 

drogenation zone at a point downstream of the inlet to the 
hydrogenation zone where the hydrogenation of the readily 
thermally polymerizable unsaturated compounds is sub 
stantially complete. By substantially complete hydrogena 
tion of the readily thermally polymerizable unsaturated 
compounds is meant hydrogenation so that the weight pre 
cent of the readily thermally polymerizable unsaturated 
compounds in the reaction mixture is less than about 6. 
For charge stocks comprising between about 6 and about 
25 weight percent readily thermally polymerizable unsat 
urated compounds, this point of injection in the hydrogen 
ation Zone is usually between about 5 and 40 and prefer 
ably between the 20 and 30 percent point downstream of 
the inlet to or top of the hydrogenation catalyst bed. The 
hydrogenation catalyst bed may, of course, comprise one 
or more beds in a single reactor. 

Referring again to FIGURE I, a portion of the heavy 
distillate furnace oil is passed through valve 68 and line 
69 to preheater 70 where it is preheated to a temperature 
`between 650° F. and 725° F. The preheated oil then 
passes through line 72 into the hydrogenation reactor 54. 

This invention will be further described with reference 
to the following additional examples. 

EXAMPLE 4 

An aromatic distillate obtained as a product from the 
thermal cracking of a mixture of ethane and propane and 
having the inspections as shown in Table II above was pre 
heated indirectly to a temperature of 250° F. A mixture 
of a straight run furnace oil (0.5 liquid hourly space veloc 
ity) and reactor charge gas was preheated to a tempera 
ture of 555° F. and admixed with the, preheated aromatic 
distillate in the inlet line just prior to the hydrogenation 
reactor. The inspections of the furnace oil are also given 
in Table II above. The resulting mixture at a temperature 
of about 420° F. was charged downflow through a bed of 
a hydrogenation catalyst comprising 2.3 percent nickel, 1.2 
percent cobalt and 11.0 percent molybdenum on an alu 
mina base. At 25 percent catalyst bed depth a second 
stream of the straight run furnace oil (0.5 liquid hourly 
space velocity) at a temperature of 690° F. was injected 
to maintain the temperature at 550° F. at this point. The 
hydrogenation unit was operated under a total pressure 
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12 
of 600 psig. Under these reactor conditions, the furnace 
oil was substantially completely in the liquid phase. The 
bromine number of the product was 0.5 indicating sub 
stantially complete saturation of the non-aromatic mate 
rials in the charge stock. Run conditions and product in 
spections are given in Table Il above. 
Comparing Example 4 with Example 3 shows that even 

with a lower inlet temperature of 420° F., the product 
from using the split-stream method of adding the refrac 
tory material has a bromine number less than one which 
is desired for charge stocks to solvent extraction units to 
selectively recover the aromatics. In addition, the use of 
higher inlet temperatures as in Example 3 tend to age the 
hydrogen ation catalyst more quickly. 

ln the examples described above, the preheated charge 
stock and refractory material were charged downñow in 
a co-current fashion through the hydrogenation catalyst 
bed. If the charge stock is substantially completely in the 
vapor phase, a countercurrent type of operation can be 
employed by preheating the charge stock to a temperature 
less than about 260° F. admixing a gaseous refractory ma 
terial to increase the temperature of the admixture to the 
desired inlet temperature and charging the admixture up 
ñow through the catalyst bed while charging a second 
refractory material downflow, said second refractory ma 
terial being substantially entirely in the liquid phase and 
being charged at a liquid hourly space velocity between 
0.1 and 2.0 and preferably between 0.5 and 1.0 so as to 
keep a continuously moving liquid ñlm on the surface of 
the catalyst. 

Resort may be had to such variations and modifications 
as fall within the spirit of the invention and the scope 
of the appended claims. 

lVe claim: 
1. An improved process for the hydrogenation of a 

charge stock comprising the debutanized to 400° F. frac 
tion from the thermal cracking of at least one low boiling 
hydrocarbon having between 2 and 4 carbon atoms per 
molecule to produce ethylene which comprises: 

(l) preheating said charge stock to a temperature less 
than 260° F.; 

(2) admixiug a preheated refractory material boiling 
between 400° F. and 850° F. at atmospheric pres 
sure with said charge stock; 

(3) passing said admixture downflow over a hydro 
genation catalyst selected from the group consisting 
of the metals from Group VI and the Iron Group 
metals from Group VIII of the Periodic Table, their 
oxides and sulñdes, supported on a non-cracking 
base in a hydrogenation zone under hydrogenation 
conditions including a temperature between 350° F. 
and 750° F.; 

(4) said refractory material being admixed with said 
charge stock just prior to` passing said admixture 
downflow over said hydrogenation catalyst; and 

(5) wherein the volume ratio of said refractory ma 
terial to said charge stock is between 0.2:1 and 
40:1 and wherein the refractory material is pre 
heated to a temperature between 500° F. and 780° F., 
the amount and temperature of said refractory ma 
terial being sufficient to increase the temperature of 
said admixture to between 300° F. and 500° F. and 
to maintain a continuously moving liquid film on 
the hydrogenation catalyst to reduce polymer forma 
tion in said hydrogenation zone. 

2. A process according to claim 1 wherein said refrac 
tory material is a straight run furnace oil fraction and 
wherein said charge stock is preheated to a temperature 
between 200° F. and 260° F. 

3. An improved process for the hydrogenation of a 
charge stock comprising a mono-olefin and at least 6 
weight percent of readily thermally polymerizable un 
saturated compounds but less than that amount of readily 
thermally polymerizable unsaturated compounds neces 
sary to increase the temperature of the charge stock due 
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to the hydrogenation of the readily thermally polymeriz 
able unsaturated compounds to efficiently hydrogenate the 
mono-olefins which comprises: 

(1) preheating said charge stock to a temperature less 
than 260° F.; 

(2) admixing a ñrst preheated refractory material 
with said charge stock; 

(3) passing said admixture downñow over a hydrogen 
ation catalyst in a hydrogenation zone under hydro 
genation conditions including a temperature between 
350° F. and 500° F.; 

(4) said ñrst refractory material being admixed with 
said charge stock just prior to contacting the charge 
stock with the hydrogenation catalyst in said hydro 
genation zone; 

(5) and injecting a second preheated refractory ma 
terial into said hydrogenation zone at a point where 
in the hydrogenation of said readily thermally polym 
erizable unsaturated compounds is substantially com 
plete to form a total reaction mixture; 

(5a) passing said total reaction mixture downilow over 
a hydrogenation catalyst in a hydrogenation zone 
under hydrogenation conditions including a tempera 
ture above about 500° F. to substantially complete 
ly hydrogenate said mono-olefins; 

(6) the amount and temperature of said ñrst refrac 
tory material being suiiicient to increase the tem 
perature of said admixture to between 300° F. and 
480° F. and to maintain the continuously moving 
liquid ñlm on the hydrogenation catalyst to reduce 
polymer formation in said hydrogenation zone; and 

(7) the amount and temperature of said second re 
fractory material being suñ’icient to increase the tem 
perature of the total reaction mixture to between 
510° F. and 600° F. 

4. A process according to claim 3 wherein the charge 
stock comprises between about 6 and 30 weight percent 
of readily thermally polymerizable unsaturated com 
pounds and between about 70 and about 94 weight per 
cent of diluent compounds wherein between about 5 and 
100 weight percent of said diluent compounds are mono 
olefins. 

5. A process according to claim 4 wherein the second 
preheated refractory material is injected into said hydro 
genation zone at a point between about 5 and about 40 
percent downstream of the inlet to the hydrogenation 
catalyst. 

6. A process according to claim 5 wherein the charge 
stock comprises a thermally cracked petroleum fraction 
boiling between 100° F. and 700° F. at atmospheric pres 
sure, and wherein said first and said second refractory 
material comprise a straight run petroleum fraction boiling 
between 550° F. and 850° F. at atmospheric pressure. 

7. A process according to claim 6 wherein the charge 
stock comprises the debutanized to 400° F. fraction from 
the thermal cracking of a mixture of ethane and propane 
to produce ethylene. 

8. An improved process for the hydrogenation of a 
charge stock boiling between 100° F. and 400° F. and 
comprising between 6 and about 60 weight percent of un 
saturated compounds which readily thermally polymerize 
which comprises: 

(l) preheating said charge stock to a temperature less 
than about 260° F.; 

(2) admixing a first preheated refractory material with 
said charge stock; 

(3) passing said admixture downñow over a hydro 
genation catalyst in a hydrogenation zone under hy 
drogenation conditions including a temperature be 
tween 350° and 750° F.; 

(4) said ñrst refractory material being admixed with 
said charge stock just prior to passing said admixture 
downflow over said hydrogenation catalyst; 

(5) said refractory material being preheated to a tem 
perature higher than the temperature of said charge 
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stock, the amount and temperature of said lirst re 
fractory material being suñicient to increase the tem 
perature of said admixture to between 300° and 
500° F.; and 

(6) passing a second preheated refractory material 
boiling between 400° F. and 850° F. at atmospheric 
pressure concurrent with said admixture downflow 
through said hydrogenation zone to maintain a con 
tinuously moving liquid lilm on the hydrogenation 
catalyst to reduce polymer formation in said hydro 
genation zone. 

9. A process according to claim 8 wherein said charge 
stock is preheated to a temperature between 100° and 
250° F. 

10. A process according to claim 8 wherein said charge 
stock is preheated to a temperature between 200° and 
250° F. 

11. An improved process for the hydrogenation of a 
charge stock boiling between 100° F. and 400° F. and 
comprising between 6 and about 60 weight percent of 
unsaturated compounds which readily thermally polym 
erize which comprises: . 

(1) preheating said charge stock to a temperature less 
than about 260° F.; 

(2) admixing a preheated refractory material boiling 
between 400° F. and 850° F. >at atmospheric pres 
sure with said charge stock; 

(3) passing said admixture downñow over a hydro 
genation catalyst in a hydrogenation zone under hy 
drogenation conditions including a temperature be 
tween 350° and 750° F.; 

(4) said refractory material being admixed with said 
charge stock just prior to passing said admixture 
downliow over said hydrogenation catalyst; 

(5) said refractory material being preheated to a tem 
perature higher than the temperature of said charge 
stock the amount and temperature of said refractory 
material being sutiicient to increase the temperature 
of said admixture to between 300° and 500° F. and 
to maintain a continuously moving liquid ñlm on 
the hydrogenation catalyst to reduce Ipolymer forma 
tion in said hydrogenation zone. 

12. A process according to claim 11 wherein said 
charge stock is preheated to a temperature between 100° 
and 250° F. 

13. A process according to claim 11 wherein said 
charge stock is preheated to a temperature between 200° 
and 250° F. 

14. A process according to claim 11 wherein said 
charge stock is the debutanized to 250° F. aromatic dis 
tillate cut of the product from the thermal cracking of at 
least one low boiling hydrocarbon having between 2 and 4 
carbon atoms per molecule. 

15. A process according to claim 11 wherein the re 
fractory material is preheated to a temperature between 
500° F. and 780° F. and wherein the volume ratio of re 
fractory material to preheated charge stock is between 
0.2:1 and 40:1. 

16. A process according to claim 11 wherein between 
l0 and 80 percent by weight of the diluent compounds 
and refractory material are maintained in the liquid phase 
at the outlet conditions of the hydrogenation zone. 

17. An improved process for the hydrogenation of a 
charge stock boiling between 100° F. and 400° F. and 
comprising between 6 and about 60 weight percent of un 
saturated compounds which readily thermally polymerize 
which comprises: 

( 1) preheating said charge stock to a temperature less 
than about 260° F.; 

(2) admixing a preheated refractory material boiling 
between 400° F. and 850° F. at atmospheric pressure 
with said charge stock; 

(3) passing said admixture downñow over a hydro 
genation catalyst in a hydrogenation zone under hy 
drogenation conditions including a temperature be 
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tween 350° F. and 750° F. to selectively hydrogen 
ate said unsaturated compounds which readily ther 
mally polymerize; 

(4) said refractory material being admiXed with said 
charge stock just prior to pasing said admixture down 
ñow over said hydrogenation catalyst; 

(5 ) said refractory material being preheated to a tem 
perature higher than the temperature of said charge 
stock, the amount and temperature of said refractory 
material being suñicient to increase the temperature 
of said admixture to between 300° F. and 500° F. 
and to maintain a continuously moving liquid film 
on the hydrogenation catalyst to reduce polymer 
formation in said hydrogenation zone. 

18. An improved process for the catalytic conversion 
of a charge stock boiling between 100° F. and 400° F. 
and comprising between 6 and 60 weight percent of un 
saturated compounds which readily thermally polymerize 
which comprises: 

(l) preheating said charge stock to a temperature less 
than about 260° F.; 

(2) admixing a preheated refractory material with said 
preheated charge stock to further increase the tem 
perature of said charge stock; 

(3) contacting said admixture with a catalyst mass 
catalyst in a hydrogenation zone; 

(4) said refractory material being preheated to a tem 
perature between 500° F. and 780° F.; 

(5) the amount of said refractory material being suf 
ñcient to increase the temperature of said admixture 
to between 300° F. and 500° F.; and 

(6) said refractory material being admixed with said 
charge stock just prior to contacting said admixture 
with said catalyst mass. 

19. An improved process for the hydrogenation of a 
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charge stockboiling between 100° F. and 400° F. and 
comprising between 6 and 60 weight percent of unsatu 
rated compounds which readily thermally polymerize 
which comprises: 

(l) preheating said charge stock to a temperature less 
than about 260° F.; 

(2) admixing a preheated refractory material with 
said preheated charge stock to further increase the 
temperature of said charge stock; 

(3) contacting said admixture with a hydrogenation 
catalyst in a hydrogenation zone; 

(4) said refractory material being preheated to a tem 
perature between 500° F. and 780° F.; 

(5 ) the amount of said refractory material being suf 
ficient to increase the temperature of said admixture 
to between 300° F. and 500° F.; and 

(6) said refractory material being admixed with said 
charge stock just prior to contacting said admixture 
with said catalyst mass. 

20. A process according to claim 19 wherein the charge 
stock comprises the debutanized to 400° F. fraction from 
the thermal cracking of at least one low boiling hydro 
carbon having between 2 and 4 carbon atoms per mol 
ecule to produce ethylene and the refractory material 
comprises a petroleum fraction boiling between 250° F. 
and 850° F. at atmospheric pressure. 
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